The results of numerical modelling the behaviour of a five-storey building, retaining wall and river embankment in seismic conditions are presented in this paper. Analysis was executed by means of the dynamic module of the Plaxis-8v program, based on the finite element method. Accelerations, velocities and displacements of the control points on the construction and soil are determined; diagrams of internal forces in structural elements are shown. The dependence of the magnitude of internal forces on the assumed model of the soil is found.
Introduction
Problem of dynamic interaction of the construction with the basement soil is very important for dynamics and seismic resistance of structures. It is known that dynamic characteristics of structure and, consequently, its response on dynamic action significantly depend on sub-soil properties [1] , [2] , [3] . In this work the results of numerical modeling of behavior of engineering construction under action of seismic loading are presented. The modelling was executed with help of dynamic module of Plaxis -2Dv8 program (Delft, the Netherlands). Plaxis is the finite element code for the analysis in geotechnical engineering. Plaxis-2Dv8 program enables to take into account soil -structure interaction, to use different models of soils (both linear and nonlinear) and to apply different surface configuration and different soil layers inclination [4] . Most of this features are absent in another programs. In dynamic module of Plaxis special boundary conditions are used in order to absorb waves, reaching the boundaries. The purpose of this work is to understand the effect of parameters of soil model on the earthquake response of structure. For this aim three soil models is compared:
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Numerical Modelling of Engineering Structures subjected to Dynamic Seismic Loading simple linear-elastic body (LE), well-known elastic-perfectly plastic MohrCoulomb model (MC) and advanced nonlinear model of hardening soil with stress dependent on soil stiffness (HS). This three types of models, describing the behaviour of the same soil, requiree knowledge of revised values of soil properties with the increasing the complexity of the model.
• 
Scientific background
The basic equation for the time-dependent movement of a volume under the influence of a dynamic load is:
where: M -the mass matrix (soil, water and construction), C -the damping matrix, K -the stiffness matrix, F -the load vector, , u , u u -displacement, velocity and acceleration vectors [4] . Here the theory is described on the base of linear elasticity. However, all models in Plaxis can be used for dynamic analysis. The matrix C represents the material damping, which is caused by viscous properties, friction or by the development of plasticity. If elasticity is assumed, damping can still be taken into account using the matrix C. In finite element formulations, C is often formulated as a function of mass and stiffness matrices (Rayleigh damping) as:
This limits the determination of damping matrix to the Rayleigh coefficient α R and β R . Here, when the contribution of M is dominant, more of low frequency vibrations are damped, and when the contribution of K is dominant more of high-frequency vibrations are damped. Liquefaction of soil is not considered in Plaxis Dynamics. A water-saturated porous soil can bring in the viscous damping on high-frequencies.
Numerical examples of computation
In this paper we consider the extended structures: multi-storey building and geotechnical structures (retaining wall and dam) under the action of seismic loads. Length of this structures is much large than its width. The earthquake is also supposed to have a dominant effect across the width of the building; hence, a plane strain analysis which is available in dynamic model of Plaxis Professional Version 8 can be performed. Plane strain does not include the geometric damping; therefore it is necessary to include material damping. Physical damping in the building and the subsoil is simulated by means of Rayleigh damping. The geometry of studied objects is modelled with a plane strain model; the finite element mesh is based on 15-node elements.The vertical boundaries are taken relatively far away from the building. At the vertical and horizontal boundaries standard earthquake boundary conditions are applied to absorb outgoing waves.
In earthquake problem the dynamic loading source is usually applied along the bottom of the model resulting to shear wave that propagate upwards. The earthquake is modeled by imposing a prescribed displacement at the bottom boundary. A real accelerogram of an earthquake recorded by U. S. Geological Survey (USGS) in 1989 is used for the analysis; it is taken from the Paxis-v8 library.
Seismic action on 5-storey building
In this part the five-storey building when subjected to an earthquake is discussed. Table 3 . Maximal parameters of vibration in control points A, B, C 
Seismic action on retaining wall
The studied object represents a cantilever tee retaining wall and contact soil massive 40 m in length and 14 m in height without groundwater (Fig. 15) Table 4 : Geotechnical soil parameters
In Fig. 16 time -acceleration curves and in Fig. 17 time-displacement curves are presented for point A for all types of soil models. Plots in Fig. 18, 19 , 20 show respectively time -acceleration, time -velocity and time-displacement curves for control points A and C in case of LE soil models. The acceleration for points A and B coincides because of rigidity of wall. Table 5 . Material properties of the retaining wall Table 6 . Maximal value of parameters of vibration in control points A, B, C Static bending moment in the wall:
and on the depth 4.30m (the middle of the plate) is: 
Elastic vibration of concrete wall may be neglected, taking into account its massiveness and additional moment of inertia forces may be assumed as:
It may be concluded that MC soil model reflect the behavior of wall sufficiently enough. LE soil model shows the unrealistic results in static stage -small bending moment in the vertical wall, and envelopes of dynamics bending moment may be twice underestimated.
Seismic action on dam
In this chapter the river embankment under seismic action is considered. Embankment (Fig.25) is 5 m high and consists of impervious clay. The upper 6 m of the subsoil consists of soft soil layer, of which the top 3 m is modeled as a clay layer and the lower 3 m as a peat layer. Bellow the soft soil layers there is a deep permeable sand layer, of which the upper 9.0 m are included in the finite element model. It is assumed, that the water in the sand layer is in the contact with the river. Soil massive included in the geometry is 120m in horizontal direction and 20m in vertical direction, control points location is shown in Fig.25 Table 7 . Material properties of embankment and subsoil 
Conclusion
The results of numerical modeling of engineering constructions behavior depending on the subsoil properties under action of seismic loading are presented in this work. The comparison of three soil models linear-elastic, Mohr-Coulomb and hardening soil is executed for three types of engineering constructions subject to an earthquake: five-storey building, retaining wall and river embankment. As a result of the calculations displacements, velocities and accelerations of control points on structures elements and in the soil (dependent on time) were obtained; the internal forces in the structural elements are determined. The results are different for every soil model; some results are compared with existing recommendations and this comparison demonstrates the coincidence with the MC model results.
